Four-dimensional Riemannian spacetimes with two commuting spacelike Killing vectors are studied in Einstein's theory of gravity, and found that no outer apparent horizons exist, provided that the dominant energy condition holds.
Introduction
The final fate of a collapsing massive star, after it has exhausted its nuclear fuel, has been one of the outstanding problems in classical relativity. Despite of numerous efforts over the last three decades or so, our understanding is still mainly limited to several conjectures, such as, the cosmic censorship conjecture [1] and the hoop conjecture [2] . To the former, many counter-examples have been found [3], although it is still not clear whether those particular solutions are generic [4] . To the latter, no counter-example has been found yet in four-dimensional spacetimes, but it has been shown recently that this is no longer the case in high dimensions [5] .
Due to its (mathematical) complexity, the studies of gravitational collapse have been mainly restricted to spacetimes with spherical symmetry [3] . This is a very ideal case and there have been many attempts to study the problem with less symmetry, for example, in the spacetimes with axial symmetry [6] , in which only one spacelike Killing vector exists. However, analytical studies of these spacetimes seem still far beyond our reach. Therefore, the next case would be spacetimes with two spacelike Killing vectors, a subject that will be considered in this Letter.
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In order to have our results as much applicable as possible, in this Letter we shall not impose any conditions on the nature of the orbits of these Killing vectors, so they can be either open or closed. In addition, we shall also not impose any conditions in asymptotical region(s) of the spacetime, such as, asymptotical flatness. Therefore, the theorem to be given below is valid for all the spacetimes with two commuting spacelike Killing vectors, including the ones with rotation that have been rarely studied so far. Then, it can be shown that there exist coordinates, x µ (µ = 0, 1, 2, 3), in which we have ξ (2) = ∂ x 2 , ξ (3) = ∂ x 3 , and the metric g is independent of x 2 and x 3 . Since the two-surface S spanned by ξ (2) and ξ (3) is spacelike, there exist two null directions orthogonal to S. Let n ± denote these directions and satisfy the condition g(n + , n − ) = 1. We assume that M is orientable, and n ± are futurepointing. Because the metric coefficients are independent of x 2 and x 3 , it can be shown that the corresponding one-forms of the null vectors n ± are proportional to gradients [7], n ± = N ± −1 ∇ (x ± ), where the symbols " " and ∇ denote, respectively, the covariant dual and absolute derivative with respect to g. N ± are arbitrary functions of x 0 and x 1 only, subject to g(n + , n − ) = 1. Choosing x ± as the coordinates x 0 and x 1 , we find that
To have n ± future-pointing, we must require N ± > 0. Note that such defined coordinates x ± are unique up to x ± = f ± (x ± ). However, this gauge freedom does not affect the discussions to be presented below. Instead, one can use it to regularize the metric so that it is free of coordinate singularities. In the following we assume that this is the case. For the details, we refer readers to [8, 9] . On the other hand, assuming that m is a complex null vector tangent to S and satisfies the conditions g(m, m) = 0, g(m,m) = −1, we find that z (a) = (n + , n − , m,m) (a = 1, 2, 3, 4) form a null tetrad [10], g = n + ⊗n − − m⊗m, where an overbar denotes the complex conjugate. The components of these null vectors in the chosen coordinates are given by
where X i , Y i and Z i (i = 2, 3) are functions of x ± only. The components X i and Y i correspond to rotation [7], while the ones Z i to the two degrees of polarization of gravitational waves [11] .
